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(54) Capillary-channel probes for liquid pickup, transportation and dispense using spring beams 



(57) Fluldio conduits (330A), which can be used In 
microarraylng systems (300), dip pen nanollthography 
systems, fluidic circuits, and microfiuidic systems, are 
disclosed that use channel spring probes (350) that in- 
clude at least one capillary channel (351). Penned from 
spring beams (e.g., stressy metal beams) that curve 
away from the substrate when released, channels (351) 



can either be Integrated Into the spring beams (300) or 
formed on the spring beams. Capillary forces produced 
by the narrowchanneis (351) allow liquid to begathered, 
held, and dispensed by the channel spring probes. Be- 
cause the channel spring beams can be produced using 
conventional semiconductor processes, significant de- 
sign flexibility and cost efficiencies can be achieved. 
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Daserlptlon 

[0001 ] This invention relates generally to microtluldic 
devices, and more particularly to liquid handling probes 
for such devices. 

[0002] The developing field of microfluldlcs deals with 
the manipulation and measurement of exceedingly 
small liquid volumes - currently down to the nanoilter, or 
even picollter range. Forexample, modem analytical In- 
tegrated circuits (ICS), such as "system on a chip" (SOC) 
or "lab on a chip" (LOC) blochlps, can analyze solutions 
that are deposited directly on the chip surface. Typically, 
the surface of an analytical IC will Include an array of 
analysis locations so that multiple analyses can be per- 
fomied simultaneously. A "microarraying" system that 
Includes a blochip Is extremely useful for genetics re- 
search because of the substantial Improvements In ef- 
ficiency provided by this parallel analysis capability. To 
maximize the number of analysis locations (and there- 
fore the number of analyses that can be perfomned at 
one time), the size of each analysis location on the blo- 
chip Is minimized. To ensure that the biological solution 
from one analysis location does not flow Into a different 
analysis location, an array (often referred to as a "micro- 
array") of microfluldic "printing tips" Is used to dispense 
a precise volume of the biological solution at each anal- 
ysis location. 

[0003] Fig. 1 Is a perspective view of a conventional 
microarraying system 100, which Includes a stage 110 
for supporting a blochip 120, a microarray 130 mounted 
to an XYZ positioning subsystem 160, and a computer/ 
workstation 1 70 that serves as both a system controller 
and a measurement data processor Microarray 130 In- 
cludes a plurality of printing tips 1 50 mounted In an array 
fonnation on a mounting base 1 40. XYZ positioning sub- 
system 160 moves microarray 130 in response to con- 
trol signals provided by computer/workstation 170 to 
collect and dispense samples of test solutions in an ar- 
ray pattern on biochip 120. A channel 151 cut into the 
and of each printing tip 150 stores and dispenses tiny 
samples of the test solutions onto specific analysis lo- 
cations on blochip 120. In this manner, each printing tip 
1 50 acts as a microfluldic conduit - 1 .a , a transport path- 
way for microfluldic volumes of liquid. Biochip 120 then 
analyzes the samples in parallel and provides the re- 
sults to computer/workstation 170 tor further process- 
ing As mentioned previously, this type of concurrent 
analysis greatly reduces the amount of time required to 
perform a set of experiments. 
[0004] To ensure that test samples are accurately and 
evenly placed on biochip 120, printing tips 150 In micro- 
array 130 must be made to extremely tight tolerances 
and must be precisely arranged in microarray 130. As 
the number of pins Is increased to allow larger numbers 
of samples to be concurrently tested, the dimensional 
requirements only become stricter. As a result, the 
microarrays used In conventional microarraying sys- 
tems are expensive and difficult to manufacture. For ex- 
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ample, companies such as Oxford Lasers, Ltd. manu- 
facture the metal pins used to dispense biological solu- 
tions in microarraying systems such as microarraying 
system 1 00 using techniques such as electro-discharge 

5 machining (EDM) and copper-vapor-laser (CVL) micro- 
machining. The minimum channel width In such pins Is 
roughly 10|mi, with each pin being fabricated individu- 
ally and taking up to 30 minutes to complete. Once pin 
fonnation is complete, the pins still must be assembled 

10 into the high-precision microarray, which adds addition- 
al time and expense to the manufacturing process. This 
low production throughput (Oxford Lasers, Ltd. is cur- 
rently manufacturing about 1 000 pins/months for BloRo- 
botlcs) means that the final microarrays are extremely 

IS expensive, Thislnturn Impacts testing throughput, since 
the high cost of the microarrays mandates that they be 
reused rather than replaced. Therefore, to ptBvent 
cross-contamination, the microarrays must be meticu- 
lously cleaned, which can be very time-consuming. 

20 [0005] Even tor mterofluldic systems using a smaller 
number of printing tips, pin costs can be problematic. 
For example. Fig. 2 shows a perspective view of a dip 
pen nanollthography (DPN) system 200. DPN system 
200 includes a stage 210 for supporting a wafer 220, a 

25 micropen assembly 230 mounted to an XYZ positioning 
subsystem 260, and a computer/workstation 270 that 
serves as a system controller, ly/licropen assembly 230 
Includes a printing tip 250 mounted in a mounting base 
240. XYZ positioning subsystem 260 moves micropen 

30 assembly 230 in response to control signals provided 
by computer/wori<station 270 to print a desired pattern 
on wafer 220. A channel 251 is cut Into printing tip 250 
to allow the printing tip to act as a microfluldic conduit 
and apply a print solution onto wafer 220. This type of 

35 micropen-based lithography can allow more complex 
and detailed patterns to be printed than would be pos- 
sible using conventional lithography techniques. How- 
ever, as with microarraying systems, the difficulties In 
fabrication and the high cost associated with the metal 

^0 pins used In micropen assemblies limit the usefulness 
of current DPN systems, for much the same reasons as 
were previously described with respect to conventional 
microarraying systems. Alternative DPN systems, such 
as the lithographically-formed planar beams with per- 

4S pendlcuiar printing tips Is described in "A MEMS Nano- 
plotter with High-Density Parallel Dip-Pen Nanollthog- 
raphy Probe Arrays", Zhang et al. , Nanotechnology, v1 3 
(2002), pp. 212-21 7, present other difficulties, as theflat 
configuration of the planar beams can consume signifi- 

50 cant die area, thereby limiting the printing tip density, 
and the printing tips themselves require delicate sharp- 
ening operations that can adversely impact both yield 
and cost. 

[0006] What Is needed is a microfluldic conduit that 
55 can be produced and formed into microfluldic devices 
such as microarrays and micropen assemblies without 
the manufacturing difricuities and high costs associated 
with conventional metal pins. 
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[0007] The present Invention Is directed towards flu- 
Idlc systems that are fomried using stress-engineered 
spring material (e.g., "stressy metal") films. The spring 
material films are fonned Into channel spring probes, 
each of which includes a spring beam having a fixed end 
(anchor portion) attached to a substrate and a free sec- 
tion bending away from the substrate, and a channel or 
multiple channels In or on each spring beam, parallel to 
the curvature of the spring beam. The channels) In and/ 
or on the spring beam allowthe channel spring probe to 
act as a fiuidic conduit. The channel and tip configura- 
tions (referred to in the aggregate as "fluid handling fea- 
tures") of the channel spring probe can be designed to 
enhance the ability of the channel spring probe to store, 
draw fluid Into, or dispense fluid from the channei(s). A 
channel spring probe or multiple channel spring probes 
can be used In any system requiring a fiuidic conduit 
that provides out-of-plane fluid handling capabliitles; e. 
g., a microarraying system, a DPN system, or a fiuidic 
circuit. 

[0008] Channel spring probes ofthe present invention 
are produced by forming (e.g., sputtering, chemical va- 
por deposition, or electroplating) aspring material (e.g., 
metal, silicon, nitride, or oxide) onto a substrate while 
varyingthe process parameters (e.g. , pressure, temper- 
ature, and applied bias) such that a stress-engineered 
spring material film is fonned with an Internal stress gra- 
dient In the growth direction (i.e., normal to the sub- 
strate). The spring material film Is then etched to fomi 
an elongated island of spring material, and an anchor 
portion (fixed end) of the spring material island is then 
masl<ed. The unmasked portion of the spring material 
Island Is then "released" by removing (etching) a sacri- 
ficial material located under the unmasked portion, 
fonning a spring beam curving away from the substrate, 
in one embodiment, the sacrificial material removed 
during the release process Is a separate "release" ma- 
terial layer (e.g., SI, SINx, SiOx, orTI) that is formed be- 
tween the substrate surface and the spring material film, 
in another embodiment, the spring material film Is 
fonned directly on the substrate (e.g., silicon or quartz), 
and the substrate itself is etched during the release 
process. The released portion ofthe spring beam bends 
away from the substrate as the Internal stress gradient 
of the spring material film relaxes, while the anchor por- 
tion remains secured to the substrate. By controlling the 
Internal stress gradient ofthe spring material film, along 
with other spring beam characteristics (e.g., thickness, 
length, etc.), a desired curvature can be achieved. 
[0009] Accordlngtoanotherembodimentoftheinven- 
tion, a substrate is coated with resist and patterned to 
define the channel spring probe area. A material stack 
(Including release layer and spring material film) is than 
deposited over the entire substrate. A lift-off step (e.g., 
submersion In acetone and applied ultrasonic agitation) 
is then used to remove the material outside the channel 
spring probe area. The advantage of the lift-off process 
is that It works with nearly any spring material, whereas 



the etching process allows only for spring materials that 
etch well. 

[001 0] Note that according to an embodiment of the 
invention, fluid handling features can be formed directly 

5 in the original spring material island, so that once the 
free portion Is released from the substrate, the desired 
fluid handling features are already incorporated Into the 
spring beam. In such a case, the channel spring probe 
Is defined by the spring beam itself. Alternatively, the 

'0 spring beam can be formed "blank" (i.e., having no In- 
tegrated fluid handling features), with additional 
processing used to form channel structures on the sur- 
face(s) of the spring beam, in this case, the channel 
spring probe includes both the spring beam and the ad- 

is ditlonai channel structures. Note that the additional 
processing operations that form the channel structures 
can be perfomied either before or after release ofthe 
free portion of the spring material Island from the sub- 
strata. 

20 [0011] The channel spring probes of the present in- 
vention provide several advantages over conventional 
metal pins. For example, dispensing assemblies, such 
as microarrays or micropen assemblies, made using 
spring material technology can be manufactured much 

^5 more cheaply than their conventional counterparts, 
since thousands of channel spring probes can be man- 
ufactured simultaneously using common fabrication 
methods such as lithography, sputtering and plating 
(versus metal pins that must be individually produced). 

30 [0012] Furthermore, the channel spring probes can 
be fonned In the desired array pattern, eliminating the 
time-consuming and delicate assembly process associ- 
ated with conventional metal pin microarrays. This cost- 
effective manufacturing process may allow for mlcroar- 

3s rays that can be replaced between analysis runs, rather 
than being cleaned and reused. This can not only re- 
duce test cycle time, but would also reduce the chances 
of cross-contamination between tests. 
[0013] The spring material technology also allows for 

'10 much smaller channel widths, limited only by the capa- 
bilities of the lithography and/or plating processes. For 
example, while metal pins may have aminimum channel 
width of 10 ^.m, channel spring probes can be readily 
formed with 1 iim channels, In addition, the smaller 

4S channel spring probes can be arranged In much denser 
arrays than can the larger metal pins. 
[0014] Also, channel spring probes can be fabricated 
with almost any desired geometry, unlike metal pins, 
which are generally limited to a single channel. For ex- 

so ample, channel spring probes cou id be produced having 
two or more channels each. Such multi-channel spring 
probes could be used, for example, to dispense mix- 
tures of different biological or chemical solutions. 
[0015] These and otherfeatures, aspects and advan- 

55 tagos of the present invention will become better under- 
stood with regard to the following description, appended 
claims, and accompanying drawings, where: 



3 



5 EP1 J 

Fig. 1 1saperspectlvevlswshowlngaconventlonal 
microarraying system; 

Fig. 2 Is a perspective view showing a conventional 
DPN system; 

Fig. 3(A) Is a perspective view showing a microar- 
raying system using a channel spring probe dis- 
pensing assembly according to an embodiment of 
the Invention; 

Fig. 3(B) Is a perspective view showing a DPN sys- 
tem using a channel spring probe micropen assem- 
bly according to another embodiment of the Inven- 
tion; 

Fig. 3(C) is a perspective view showing a fluldic cir- 
cuit using channel spring probe fluid interconnects 
accordlngto another embodiment of the present in- 
vention; 

Figs. 4(A). 4(B), 4(C), 4(D), 4(E), 4(F), 4(G), 4(H), 
and 4(1) are simplified cross-sectional side views 
showing a general fabrication process utilized to 
produce channel spring probes according to anoth- 
er embodiment of the present invention; 
Fig. 5(A) Is a top view showing a spring mask 
formed over a spring material film during the fabri- 
cation process shown In Fig. 4(C) accordlngto an- 
other embodiment of the Invention: 
Figs. 5(B), 5(C), 5(D). 5(E), 5(F), 5(G), and 5(H) are 
detail views of various regions of the spring mask 
shown In Fig. 5(A) according to various embodi- 
ments of the Invention; 

Figs. 6(A), 6(B), and 6(C) are frontal views showing 
a process for forming a channel on the surface of a 
spring beam according to another embodiment of 

the invention; 

Fig. 7(A) is a perspective view showing a channel 
spring probe according to another embodiment of 
the invention; 

Fig. 7(B) is an enlarged photograph showing an ac- 
tual channel spring probe array produced in accord- 
ance with the fabrication process described with ref- 
erence to Figs, 4(A) through 4 (i) ; 
Figs, e (A), 8(B), 8(C), 8 (D), 8 (E), and 8 (F) are 
frontal views of channel spring probe tips according 
to various embodiments of the invention; 
Figs. 8(G). 8(H), and 8(1) are top views of channel 
spring probe tips accordlngto various embodiments 
of the invention 

Figs. 9(A), 9(B), and 9(C) are top, cross-sectional 
side, and end views, respectively showing a chan- 
nel spring probe incorporating actuation electrodes 
accordlngto an embodiment of the present inven- 
tion; and 

Figs. 10 (A), 10 (B), and 10 (C) are cross-sectional 
side views depicting actuation of the channel spring 
probe of Fig. 9 (B). 

[0016] Fig. 3 (A) Is a perspective view of a microar- 
raying system 300A according to an embodiment of the 
Invention, ly/llcroan-aying system 300A includes a stage 
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31 OAfor supporting an analytical IC 320A, a dispensing 
assembly 330A mounted to a positioning subsystem 
370A, and a computer/workstation 380A that serves as 
both a system controller and a measurement data proc- 
5 essor. Analytical IC 320A can comprise a biochip or any 
other type of 1 C provid Ing su rf ace-based an aiysis capa- 
bilities. Positioning subsystem 370A moves dispensing 
assembly 330A in response to control signals provided 
by computer/workstation 380A to collect and dispense 
'0 samples of test solutions in an array pattern on analyti- 
cal IC 320A. Note that positioning subsystem 370A can 
perfonn all the positional operations required to dis- 
pense the test samples on analytical IC 320A, or stage 
31 OA could also include additional positioning capabiil- 
's ties for aligning analytical iC 320A and dispensing as- 
sembly 330A, Oncethetest samples have been depos- 
ited, analytical IC 320A performs a parallel analysis and 
provides the results to computerAvorkstatlon 380A for 
further processing. Microarraying system 300A Is there- 
to fore substantially similar to microarraying system 100 
shown in Fig. 1 , except that metal pin-based microarray 
130 Is replaced with channel spring probe-based dis- 
pensing assembly 330A. 

[0017] Dispensing assembly 330A includes a plurality 

25 of channel spring probes 350A In an array formation on 
a substrate 340A. As noted previously, channel spring 
probes 350A can be produced much more economically 
than printing tips 1 50 of microan-aying system 1 00, and 
also can provide significantly improved accuracy and 

so design flexibility. Each channel spring probe 350A in- 
cludes a channel 351 A that runs parallel to the curvature 
of the channel spring probe. Channels 351 A are sized 
such that test solutions are pulled along the channel by 
capillary action. Therefore, when any of channel spring 

3s probes 350A Is placed in contact with a liquid source, 
liquid is drawn in to channel 351 A. Similarly, when the 
tip of any of channel spring probes 350A Is placed in 
contact with the surface of analytical IC 320A, a quantity 
of liquid from channel 351 A is deposited on biochip 

40 3 20A. Between those liquid drawing and dispensing op- 
erations, the liquid Is held In channel 351 A by capillary 
and surface tension forces. An optional reservoir 352A 
fomned in line with each channel 351 A can increase the 
fluid storage capacities of channel spring probes 350A. 

fs Note that while each of channel spring probes 350A Is 
depicted as having a tapered tip and a single channel, 
channel spring probes in accordance with embodiments 
of the invention can include any number of different tip 
and channel configurations, as will be discussed below. 

so For example, each channel 351A in channel spring 
probes 350A could represent two channels, thereby al- 
lowing dispensing assembly 330A to dispense solution 
mixtures onto analytical iC320A. 
[0018] Fig. 3(B) is a perspective view of a dip pen na- 

55 nollthography (DPN) system 300B according to another 
embodiment of the Invention. DPN system 300B in- 
cludes a stage 31 OB for supporting a substrate 320B 
(such as a wafer), a micropen assembly 330B mounted 
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to an XYZ positioning subsystem 370B, and a computer/ 
workstation 380B that serves as a system controller, Ml- 
cropen assembly 330B Includes one or more channel 
spring probes 350B mounted in a mounting base 340B. 
XYZ positioning subsystem 370B moves micropen as- 
sembly 330B In response to control signals provided by 
computer/workstation 380Bto printa desired pattern on 
wafer 320B. A channel 351 B (parallel to the cun/ature 
of channel spring probe 350B) and an optional reservoir 
352B In channel spring probe(s) 350B allow a print so- 
lution to be applied onto wafer 320B, DPN system 300B 
is therefore substantially similar to DPN system 200 
shown In Fig. 2, except that metal pin-based micropen 
assembly 230 Is replaced with channel spring probe- 
based micropen assembly 330B, once again providing 
the cost and design benefits associated with channel 
spring probes, 

[0019] Fig, 3(C) is a schematic view of afiuidic circuit 
300C according to another embodiment of the invention. 
Circuit 300C includes fluldic devices 320C(1) and 320C 
(2), which can comprise any devices that use or Incor- 
porate microfiuldic liquid volumes. For example, fluldic 
devices 320C(1) and 320C(2) can comprise biochlps or 
other analytical Integrated circuits (ICs) designed forfiu- 
Id analysis. Fluldic device 320C(1) includes channel 
spring probes 350C(1 ) and 350C(2) for liquid collection 
and dispensing, respectively, a micro-channel network 
321 C for In-plane fluid routing, and an optional reservoir 
322C for liquid storage. The free end of channel spring 
probe 3S0C(1 ) Is placed In contact with a liquid 391 C In 
an external supply container 390C, and capillary forces 
draw some of liquid 391C into a channel 351C(1) run- 
ning parallel to the curvature of channel spring probe 
350C(1). This drawn liquid can either be accumulated 
In optional reservoir 322C or passed to micro-channel 
network 321C. Micro-channel network 321 C then routes 
the liquid to appropriate locations within fluldic device 
320C(1), Including to a channel 351C(2) in channel 
spring probe 350C(2). Channel 351 C(2), which runs 
parallel to the curvature of channel spring probe 350C 
(2), allows the liquid to be dispensedfromthetip of chan- 
nel spring probe 350C(2) onto fluldic device 3200(2). 
[0020] Figs. 4 (A) through 4 (I) are elmplified cross- 
sectional side views showing a general fabrication proc- 
ess utilized to produce channel spring probes such as 
channel spring probes 350A, 350B, and 350C, as shown 
in Figs. 3(A), 3(B), and 3(C), respectively, according to 
another embodiment of the present invention. 
[0021 ] Referring to Fig. 4 (A), the fabrication process 
begins by forming a release layer 445 on a water 440. 
Substrate 440 Is formed from a selected substrate ma- 
terial (e.g., glass, quartz, silicon (Si), sapphire, alumi- 
num oxide, or a suitable plastic), in one embodiment, 
release layer 445 includes one or more of Si, a silicon 
nitride composition (SiNx). a silicon oxide composition 
(SiOx), or titanium (Ti) that is deposited onto substrate 
440. As described below, the release material Is select- 
ed such that the channel spring probe remains connect- 
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ed via a portion of release layer 44S to substrate 440 
after release, in an alternative embodiment, a separate 
anchor pad is separately formed adjacent to the release 
material that serves to connect the spring probe to sub- 
s strate 440. While such a separately fonned anchor pad 
may increase the strength of the channel spring probe/ 
substrate connection, the formation of such an anchor 
pad would Increase the number of process steps, there- 
by Increasing the total probe manufacturing cost. In yet 

10 another alternative embodiment, the substrate material 
of substrate 440 may itself be used as the release layer 
(i.e., a separate release material deposition process is 
not used, and channel spring probe 450 is connected 
directly to substrate 440, as demonstrated by channel 

IS spring probes 350C(1 ) and 350C(2) In Fig. 3 (C)). 
[0022] Next, as shown In Fig. 4(B), a stress-engi- 
neered (spring material) film 465 Is formed on release 
layer 445 using known processing techniques such that 
film 465 includes internal stress variations in the growth 

20 direction. For example. In one embodiment, stress-en- 
gineered film 465 Is formed such that its lowermost por- 
tions (I.e., adjacent to release material layer 41 0) have 
a higher Internal compressive stress than Its upper por- 
tions, thereby foiming Internal stress variations that 

2S cause a bending bias away from substrate 440. Meth- 
ods for generating such Internal stress variations in 
stress-engineered film 465 are taught, for example, in 
U.S. Patent No. 3,842,189 (depositing two metals hav- 
ing different internal stresses) and U.S. Patent No. 

30 5,613,861 (e.g., single metal sputtered while varying 
process parameters), both of which being incorporated 
herein by reference, in one embodiment, stress-engi- 
neered film 465 includes one or more metals suitable 
forfonning a spring structure (e.g., one or more of mo- 
ss lybdenum (Mo), a"moiy-chrome" alloy (MoCr), tungsten 
(W), a titanium-tungsten alloy (ThW), chromium (Cr), 
and nickel (Ni)). In other embodiments, stress-engi- 
neered film 465 is fonned using Si, nitride, silicon oxide, 
carbide, or diamond. The thickness of stress-engi- 

40 neered film 465 Is detennlned in part by the selected 
spring material, desired spring constant and shape of 
the final spring beam structure, as discussed in addi- 
tional detail below. 

[0023] Referring to Figs. 4(C) and 5(A)-5(1), an elon- 
« gated spring mask 446 (e.g., photoresist) is then pat- 
terned over selected portions of stress-engineered film 
465. Note that spring mask 446 is formed in the shape 
of the desired channel spring probe, and may Include 
various tip, channel, and attachment regton configura- 
so tlons. The well-characterized lithography processes that 
can be used to print springmask 446 allowfor significant 
flexibility In the actual geometry of spring mask 446. For 
example. Fig. 5(A) shows a plan view of spring mask 
446, according to an embodiment of the invention. 
ss Spring mask 446 includes a probe tip region 446-A at 
one end, an attachment region 446-B at the other end, 
and a channel regton 446-C between probe tip region 
446-A and attachment region 446-B. Channel region 
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446-C Is sized such that the resulting channel formed In 
the llnal channel spring probe provides the necessary 
capillary action on the liquid being collected by, stored 
In, or dispensed from the channel spring probe. Fig. 5 
(A) also Indicates a release region 446-D, the portion of 
spring mask 446 corresponding to the portion of the 
channel spring probe to be released from substrate 440. 
[0024] Note that while channel region 446-C Is shown 
as overlapping with probe tip region 446-A, according 
to other embodiments of the invention, channel region 
446-C can also extend Into attachment region 446-B. 
For example, Fig. 5(B) shows a channel region 446-0 
(1) extending through release region 446-D into attach- 
ment region 446-B. An optional narrowed region 447 Is 
Included to provide a region of Increased flexibility for 
thef Inal channel spring probe (note that while narrowed 
region 447 is depicted where release region 446-D 
meets attachment region 446-B for explanatory purpos- 
es, narrowed region 447 can be located anywhere along 
release region 446-B). Various other modifications can 
be made to channel region 446-C, according to the in- 
tended usage of the final spring channel probe. For ex- 
ample. Fig. 5(C) shows achannel region 446-C(2) In ac- 
cordance with another embodiment of the Invention. 
The interior end of channel region 446-C(2} Is connect- 
ed to a reservoir region 520 for creating a reservoir fea- 
ture In theflnalchannelspring probe. SIncethe resulting 
reservoir feature will be wider than the channel width, 
the fluid holding capacity of channel region 446-C(2) will 
be Increased, Note that while reservoir region 520 fs 
shown as being located In release region 446-D, it can 
also be positioned in attachment region 446-B, as indi- 
cated by the dashed lines. 

[0025] The invention also allows multiple channels to 
be fonned In a channel spring probe. For example, Fig. 
5(D) shows a portion of spring mask 446 having channel 
regions 446-C(3) and 446-C(4), in accordance with an- 
other embodiment of the invention. Note that like the 
channel regions described previously with respect to 
Figs. 5 (B) and 5(C), channels 446-C(3) and 446-C(4) 
can Include reservoir features and/or can extend Into at- 
tachment region 446-8, as indicated by the dashed 
lines. 

[0026] The same configuration flexibility applies to 
both attachment region 446-B and probe tip region 
446-A shown in Fig. 5(A). For example, while depicted 
as a substantially rectangular region In Figs. 5(A)-5{D), 
attachment region 446-B can take any number of fonns. 
Fig. 5(E) shows an attachment region 446-B(1), in ac- 
cordance with another embodiment of the invention. At- 
tachment region 446-B(1) has the same width as re- 
lease region 446-D, which will result In a straight-line (1. 
e., unifonn width) channel spring probe having a unlfonn 
width. Various other attachment region configurations 
are possible, including, but not limited to, V-shaped, U- 
shaped, J-shaped, and L-shaped configurations. Fig. 5 
(F) shows an attachment region 446-B(2) that Is en- 
larged to allow extended routing of channel region 



446-C(5), thereby allowing both out-of-piane and in- 
piane fluid routing channels to be formed by a single li- 
thography process step, 

[0027] Similarly, probe tip region 446-A can take any 

s configuration required to form the desired channel 
spring probe. For example, Fig. 5(G) shows a probe tip 
region 446-A(1) in accordance with another embodi- 
ment of the Invention. In contrast to the blunt probe tip 
region 446-A shown In Fig. 5(A), probe tip region 446-A 

'0 (1) includes chamfers 501 and 502 that provide a ta- 
pered tip on each side of channel region 446-C. This 
tapered tip configuration can reduce fluid travel along 
the (printing) edge of the resulting channel spring probe 
tip, thereby enabling the dispensing of finer fluid lines 

IS than would be possible with a similar channel spring 
probe having a fiat tip configuration, 
[0028] Fig, 5(H) shows a probe tip region 446-A(2), in 
accordance with another embodiment of the Invention. 
Probe tip region 446-A(2) not only includes chamfers 

20 501 and 502, but also includes a pointed tip 505 that 
closes off the end of channel region 446-C. By properly 
sizing pointed tip 505 and Its distance from the end of 
channel region 446-C, fluid in the resulting channel 
spring probe could wick from the channel region to the 

25 apex of thesharp pointed tip, thereby allowing extremely 
fine fluid lines to be dispensed, According to an embod- 
iment of the Invention, channel region 446-C can end 
1-3 jun or less from the apex of pointed tip 505. 
[0029] Returning to the channel spring probe fabrica- 

30 tion process, Fig. 4(D) shows the exposed portions of 
stress-engineered film 465 surrounding spring mask 
446 being etched Lislng one or more etchants 480 to 
fomn a spring Island 465-1 . Note that this etching proc- 
ess Is performed such that limited etching occurs in re- 

35 lease layer 445 sun-ounding spring material island 
465-1 , in one embodiment, the etching step may be per- 
fomied using a wet etch process to remove exposed 
portions of stress-engineered film 465 - e.g , the use of 
a cerric ammonium nitrate solution to remove a MoGr 

40 spring metal layer, in another embodiment, anisotropic 
dry etching Is used to etch both stress-engineered film 
465 and the upper surface of the exposed portion of re- 
lease layer 445. This embodiment may be perfonned, 
for example, with Mo spring metal, and Si or Ti release 

« layers. Mo, SI andTI all etch in reactive fluorine plasmas. 
An advantage of dry etching the spring material film is 
that It facilitates finerfeatures and sharper tipped chan- 
nel spring probes. Materials that do not etch in reactive 
plasmas may still be etched anisotropicaily by physical 

so ion etching methods, such as argon Ion milling, in yet 
another possible embodiment, the etching step can be 
performed using the electro-chemical etching process 
described in IBIVI J. Res. Dev. Vol. 42, No. 4, page 655 
(September 4, 1998), which Is Incorporated herein by 

S5 reference. Many additional process variations and ma- 
terial substitutions are therefore possible and the exam- 
ples given are not intended to be limiting. 
[0030] Fig. 4(E) Shows spring material Island 465-1 
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and release layer 445 attar spring mask 446 (Fig. 4(D)) 
Is removed. At this point, optional channel area pattern- 
ing 486 may be formed on spring material island 465-1 , 
as Indicated In Fig. 4(F). Channel area patteming 466 
allows secondary channel features to be formed on 
spring material Island 465-1 . Note that If channel fea- 
tures have already been patterned into spring Island 
465-1 , optional channel area patterning 466 would not 
be required, although secondary channel features could 
be used to modify or add to the features Integrated Into 
spring Island 465-1. Note further that this additional 
channel area patterning can alternatively be performed 
after the appropriate portion of spring material island 
465-1 Is released from substrate 440 (to be discussed 
with respect to Fig. 4(H)). 

[0031] In Fig. 4(G], a release masl< 460 Is formed on 
a first portion 465-1 A of spring material Island 465-1. 
Release mask 491 defines a release window RW, which 
exposes a second portion 465-1 B of spring material is- 
land 465-1 and surrounding portions release layer 445. 
Release mask 491 may also serve as a strapping struc- 
ture to further secure first portion 465-1 A to substrate 
440. In one embodiment of the Invention, release mask 
491 Is formed using photoresist. In other embodiments 
of the invention, a suitable metal orepoxy may be used. 
Note that according to other embodiments of the Inven- 
tion, release mask 491 could be eliminated through ap- 
propriate patterning of release layer 445 and/or first por- 
tion 465-1 A of spring material Island 465-1 . 
[0032] At this point, substrate 440 can be diced (for 
example along dice lines DL1 and DL2) to preventdam- 
age to the subsequently lifted structures (I.e., spring 
beam 460 shown in Fig. 4(H)). An optional sticky dicing 
tape 441 could be used to prevent shifting of the sub- 
strate during and after dicing (I.e., the dicing blade only 
cuts through substrate 440 (and the overlying portions 
of release layer 445) but not through the underlying 
sticky tape 441). Alternatively, dicing could be per- 
fomned after release of portion 465-1 B from substrate 
440. In such a case, If protection of the released beams 
during dicing were desired, beam passivation using re- 
sist or wax could be used. 

[0033] In Fig. 4(H), a release atchant 481 (e.g.,abuff- 
ered oxide etch) Is used to selectively remove a portion 
of release layer 445 from beneath the exposed portion 
of spring Island 465-1 (I.e., second portion 465-1 B) and 
fonn a curved spring beam 460. Specifically, removal of 
the exposed release material causes cantilever portion 
454 of spring beam 460 to cutva away from substrate 
440 In response to the Internal stress variations estab- 
lished during the formation of the stress engineered film 
(discussed above). Note that fixed end 453 of spring 
beam 460 remains secured to substrate 440 by release 
material (support) portion 445A, which is protected by 
release mask 491 . Alternatively, release mask 491 may 
be removed from fixed end 453 of spring beam 460 after 
release. Optional channel area patterning 466 can be 
formed on spring beam 460 at this point (i.e., after re- 
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lease) If It has not been previously formed (e.g., in Fig. 
4(F)). Then, If channel area patterning 466 Is present, 
additional deposition process (es) can be performed to 
forni the actual channel structure 467 of the completed 
s channel spring probe 450 shown In Fig. 4(1) (as noted 
previously, the channel features could be defined within 
(i.e., integrated into) spring beam 460, In which case 
spring probe 450 would not require channel structure 
467). 

10 [0034] The fonnatlon Of Channel structure 467 Is dem- 
onstrated In greater detail In Figs. 6(A)-6(C). Fig. 6(A) 
shows a frontal (head-on) view of Intermediate probe tip 
455 shown In Fig. 4(H) , with channel area patterning 466 
overiying a desired portion of spring beam 460. Channel 

IS area patterning 466 can comprise a hard mask (e.g., 
hard resist) or any other material that can be removed 
without removing the subsequently fomned channel 
structure, in Fig. 6(B), channel structure 467 is formed 
on the portio ns of spri ng beam 460 not m asked by Chan - 

20 nel area patterning 466, and a resist strip 482 Is applied 
to remove channel area patterning 466. A frontal view 
of the resulting probe tip 456 (from Fig. 4 (i) ) Is shown 
In Fig. 6 (C), with the gap formeriy occupied by channel 
area patterning 466 becoming channel 468. Note that 

^5 various other geometries for channel area patterning 
466 and channel structure 467 are possible, as will be 
described with respect to Figs. 8(B)-8 (H). Accortlng to 
an embodiment of the Invention, channel structure 467 
can be electroplated onto spring beam 460. According 

30 to other embodiments of the Invention, various other 
materials (e.g., oxides, nitrides, organic materials (car- 
bides), etc.) and processes (e.g., sputtering, evapora- 
tion, chemical vapor deposition (CVD), spinning, etc.) 
can be used to fomn channel structure 467. Note that 

35 channel structure (467) can be fonned prior to the re- 
lease of spring beam 460 from substrate 440 (I.e., on 
spring island 465-1 shown in Fig. 4(G)), although the 
channel structure would generate beam loading that 
could reduce the release height of spring beam 460. 

40 [0035] Returning to Fig. 4(1), according to an embod- 
iment of the Invention, substrate 440 can Include Inte- 
grated fluldic paths, as Indicated by optional fluldic path 
444. Channel spring beams can be formed on a sub- 
strate that already includes such Integrated fluldic paths 

45 to simplify the construction of advanced fluldic routing 
systems. For example, an optional support structure 
442 can be attached to substrate 440 to provide addi- 
tional mechanical support and/or interface elements. 
Support structure 442 can include an optional fluid res- 

so ervoir 443 tor supplying channel spring probe 450 with 
llquU, in such a situation, substrate 440 could Include a 
prefonned integrated via. (fluldic path 444), that would 
couple the channel of channel spring probe 450 with res- 
ervoir 443 of support structure 442. Fluid reservoir 443 

ss could than eithersupply liquid to, orstore liquid gathered 
by, spring channel probe 450. 
[0036] According to another embodiment of the Inven- 
tion, an optional protective coating 461 (Indicated by a 
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Clotted line) such as paralyne or oxide can also be 
fonned over any exposed portions of spring beam 460 
(and channel structure 467). According to another em- 
bodiment of the Invention, an optional secondary tip 469 
can be fonned at, or attached to, the end of spring beam 
460 using methods like FIB, EBO, carbon-nanotube 
growth, by etching a material deposited on the surface 
of spring beam 460 prior to release, or by post-release 
attachment. Various secondary tip configurations are 
described more fully In co-owned, co-pending U.S. Pat- 
ent Application Serial No. 10/136,258 entitled "Scan- 
ning Probe System with Spring Probe And Actuation/ 
Sensing Structure filed April 30, 2002 by Thomas Hant- 
schei et a!,, herein Incorporated by reference, 
[0037] Fig. 7{A) shows a perspective view of complet- 
ed channel spring probe 450 from Fig. 4(1). Channel 
spring probe 450 can now be used In any f luldic system, 
such as microarraying system 300A shown In Fig. 3(A), 
DPN system 300B shown in Fig. 3(B), and fluidic circuit 
300C shown In Fig. 3(C). Notethatchannel spring probe 
450 also Includes optional operational modules 495 that 
can be fomied after or In conjunction with the process 
described with respect to Figs. 4(A)-4(I). Operational 
modules can be adjacent to or attached to spring beam 
460, and can comprise various structures for providing 
additional functionality to channel spring probe 450, 
such as actuators, heaters, temperature sensors, stress 
sensors, optical detectors, deflection sensors, chemical 
sensors, and Integrated electronic circuits (for control- 
ling actuation, signal processing, etc.). For example, 
each of the channel spring probes In an array of channel 
spring probes (such as mlcroaray 330A shown In Fig. 
3(A) or micropen assembly 330B shown In Fig. 3(B)) can 
Include an actuator and a deflection sensor to help align 
the tips of all the channel spring probes. 
[003B] For example, Figs. 9(A) through 9(C) are top, 
cross-sectional side, and end views, respectively, show- 
ing a channel spring probe 950 Incorporating an actua- 
tion electrode structure Including a first elongated elec- 
trode portion 995(A) and a second elongated electrode 
portion 995(B) fonned on substrate 940 and extending 
parallel to and offset from the sides of spring beam 960. 
Each of elongated electrode portions 995(A) and 995(B) 
has a tapered shape including a relatively wide portion 
996 located adjacent to fixed end 953 of spring beam 
960, and a relatively narrow portion 997 located adja- 
cent to probe tip 956. The present inventors have deter- 
mined that tapered electrode portions 995(A) and 995 
(B) reduce forces exerted along the length of spring 
beam 960 due to the diminishedfieid strength (along its 
length) inherent to the tapered electrode design, thereby 
facilitating a stable "rolling/zipper" motion of spring 
beam 960 (described below with reference to Figs. 10 
(A) through 10(C). Further, by offsetting tapered elec- 
trode portions 995(A) and 995(B) from (i.e., mounting 
on opposite sides of) spring beam 960, the actuation 
voltage needed to achieve fulldeflectlon of probe tlp956 
Is minimized. Other electrostatic actuation electrode 
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patterns are described In co-owned, co-pending U.S. 
Patent Application Serial No. 1 0/1 36,256 entitled "Scan- 
ning Probe System with Spring Probe And Actuation/ 
Sensing Structure filed April 30, 2002 by Thomas Hant- 
s scheletal. Note that spring beam 960 can also Includes 
an optional narrowed portion 947, as indicated In Fig. 9 
(A), to reduce the force required to deflect spring beam 
960. Alternatively, spring beam 960 can Include an en- 
hanced flexibility portion 946, as indicated In Fig. 9(B) 
10 to provide a similar effect. Note further that enhanced 
flexibility portion 948 can be formed In various ways, in- 
cluding Iccally thinning spring beam 960 or locally Inte- 
grating a softer material into spring beam 960. Note fur- 
ther that narrowed portion 947 In Fig. 9 (A) and en- 
is hanced flexibility portion 94B In Rg. 9(B) can be located 
anywhere along cantilever portion 954. 
[0039] Figs. 10(A) through 1 0(C) are cross-sectional 
side views illustrating the "rolllng/zlpper" motion of 
spring beam 960, Referring to Fig. 4{A), when a rela- 
te tlvely small voltage signal is applied by a voltage source 
901 to spring beam 960 and elongated electrode por- 
tions 995(A) and 995 (B), cantlleverportion 954 remains 
substantially In its unbiased position (I.e., bent Into a 
shape detennlned by the channel spring probe design). 
25 Asshownin Fig. 10(B), asthe applied voltage generated 
by voltage source 901 Increases, cantilever portion 954 
Is actuated towards substrate 940 and straightened, 
thereby "unrolling" spring beam 960. As shown In Fig. 
10 (C), when the applied voltage generated by voltage 
so source 901 reaches a sufficiently large value, spring 
beam 960 is further unrolled until tip 956 abuts substrate 
940. This actuation capability can substantially Improve 
the functionality of devices Incorporating channel spring 
probes. For example, in microan-ay 330A shown In Fig. 
35 3(A), individual channel spring probes 350A can be 
"turned or by actuating them towards substrate 340A. 
In a similar manner, Individual channel spring probes in 
micropen assembly 330B shown In Fig. 3(B) can be 
turned off and on via actuation towards (and away from) 
■*o substrate 340B. 

[0040] Fig. 7(B) Is an enlarged photograph showing 
an actual channel spring probe array 730 that was pro- 
duced by the present inventors utilizing the fabrication 
process described above. Channel spring probe array 
« 730 includeschannei spring probes 750 (1 ), 750 (2), 750 
(3), and 750 (4) (among others not labeled for clarity) 
curving away from a substrate 740. Each of channel 
spring probes 750 (1) -750 (4) Is attached to substrate 
740 at a fixed end 753 and includes a channel as pre- 
ss viously described with respectto Fig. 7(A). Forexample, 
channel spring probe 750(1 ) Includes achannel 752 that 
extends completely through a tapered probe tip 756 
(such as defined by probe tip region 446-A(1 ), described 
with respect to Fig. 5(H)). Note also that channel 752 
S5 extends Into fixed end 753 and ends in a reservoir 753, 
as was previously described with respect to Figs. 5 (B) 
and 5 (C). 

[0041] Returning to Fig. 7(A), note that channel 452 
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In spring beam 460 Includes a channel 452 that couici 
be supplemented or replaced by channel features In op- 
tional channel structure 467 (shown simply as a dashed 
volume for clarity). Therefore, probe tip 456 can take a 
variety of fonns. For example, Fig. e(A) shows a frontal 
vlewofaprobetlp466(1) In accordance with an embod- 
iment of the invention. Probe tip 456(1) includes a chan- 
nel 452(1 ) defined by both spring beam 460 and channel 
structure 467(1). Channel structure portions 467(1)-A 
and 467(1 )-B are positioned directly over spring beam 
portions 460-A and 460-B, respectively, thereby In- 
creasing the height of the channel Included In spring 
beam 460. 

[0042] Fig. 8(B) shows a frontal view of a probe tip 
456(2) In accordance with another embodiment of the 
Invention. Rather than adding to an existing channel In 
the spring beam, channel structure 467(2) In probe tip 
456(2) Is formed on a spring beam 460(1 ) that does not 
include any channel feature (i.e., a "blank" spring 
beam) . A channel 468(1 ) Is therefore defined entirely by 
channel structure portions 467(2)-A and 4e7(2)-B. 
[0043] Fig. 8(C) shows a frontal view of a probe tip 
456(3) In accordance with another embodiment of the 
Invention. In probe tip 456(3), channel structure 467(3) 
formed on blank spring beam 460(1) defines a fully en- 
closed channel 468(2). Channel structure 467(3) could 
be fomied, for example, by completely plating over 
channel area patterning such as shown In Fig. 6(A). 
Since channel 468(2) Is enclosed on ail sides, fluid ac- 
cess/egress is only possible through the ends of chan- 
nel 468(2), which can minimize the risks of fluid contam- 
ination and provide more secure transport for liquids 
held In channel 466(2). 

[0044] Fig. 8(D) shows a frontal view of a probe tip 
456(4) In accordance with another embodiment of the 
Invention. Channel structure 467(4) defines channels 
468(3) and 468(4) by positioning channel structure por- 
tions 467(4)-A, 467(4)-B, and 467(4)-C on blank spring 
beam 460(1). Note that this principle may be used to 
forni any number of channels In a channel spring probe. 
[0045] Fig, 8(E) shows a frontal view of a probe tip 
466(5) that Includes multiple channels In accordance 
with another embodiment of the invention. Probe tip 456 
(5) includeschannei structures 467(5) and 467(6) on the 
top and bottom surfaces, respectively, of blank spring 
beam 460(1). Channel structure 467(5) Includes chan- 
nel structure portions 467(5)-A and 467(5)-B thatdefine 
a channel 468(5) on the top surface of spring beam 460 
(1), while channel structure 467(6) includes channel 
structure portions 467(6)-A and 467(6)-B that define a 
channel 468(6) on the bottom surface of spring beam 
460(1). Note that probe tip 456(5) could include only 
channel structure 467(6) (as indicated by the dashed 
lines used for channel structure 467(5)), thereby provid- 
ing a channel (i. e., channel 463(6)) on only the bottom 
surface of spring beam 460(1). 
[0046] Fig. 8(F) shows a frontal view of a probe tip 
456(6) that Includes multiple enclosed channels In ac- 
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cordance with another embodiment of the invention. 
Probe lip 456(6) includes channel structures 467(7) and 
467(8) on the top and bottom surfaces, respectively, of 
blank spring beam 460(1), thereby defining fully en- 

5 closed channels 468(7) and 468(8), respectively. Note 
that probe tip 456(6) could include only channel struc- 
ture 467(8) (as indicated by the dashed lines used for 
channel structure 467(7)), thereby defining, a channel 
(i.e., channel 468(8)) on only the bottom surface of 

'0 spring beam 460(1). 

[0047] Note that channel features created by the 
aforementioned types of channel structures can include 
any reservoirfeatures (such as those described with re- 
spect to Figs. 5(C) and 5(0)) or other formations that 

IS are desired on the surface of the spring beam. For ex- 
ample. Fig. 8(G) shows a plan view of a probe tip 456 

(7) In accordance with another embodiment of the in- 
vention. Probe tip 456(7) Includes channel structure por- 
tions 467(9)-A through 467(9)-H, arranged on blank 

20 spring beam 460(1) to define a channel 468(9) and 
cross channels 469-A, 469-B, and 469-0. Cross chan- 
nels 46g-A, 469-B, and 469-0 are perpendicular to 
channel 468(9) and span the width of spring beam 460 
(1), Channel structure portions 467(9) -A and 467(9) -E 

2s are angiedsuch that probe tip 467(7) has asubstantially 
tapered end. Such a configuration can, for example, be 
used In puncture applications, with cross channels 
469-A, 469-B, and 469-C providing Increased fluid de- 
livery capacity. Fig. 8(H) provides a side view of probe 

so tip 456(7), showing cross channels 469-A, 469-B, and 
469-C spaced along the surface of spring beam 460(1). 
[0048] Fig. 8 (H) shows a plan view of a probe tip 456 

(8) having cross channels In accordance with another 
embodiment of the invention. Probe tip 456(8) is sub- 

3s stantlaliy similarto probe tip 456(7) shown in Figs. 8(Q) 
and 8(H), except that channel structure portions 467(9) 
-A and 467(9)-E in probe tip 456(7) are replaced with a 
single channel structure portion 467(9)-i that Includes a 
pointed tip 467(9)-J. Pointed tip 467(9)-J closes off 

''0 channel 468(10) at the end of probe tip 456(8). As de- 
scribed previously with respect to Fig. 5(H), pointed tip 
467(9)-J can still allow fluid transport to and from chan- 
nel 468(10), while providing additional stability and 
piercing capability to probe tip 456(8). 

45 [0049] A spring beam (or even a bond wire, such as 
produced by FormFactor, inc.) could be plated on all 
sides and then etched away, leaving only the plating as 
an out-of -plans tube, 

50 

Claims 

1 , A fiuidic conduit comprising a spring beam having 
a fixed portion attached to a substrate and a cantl- 
ss lever portion having a curvature away from the sub- 
strate, wherein the spring beam defines aflrst chan- 
nel for carrying fluid along the cantilever portion of 
the spring beam, the first channel running substan- 
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tially parallel to the curvature of the cantilever por- 
tion. 

2. A fluldic conduit of claim l.wherelntheflxed portion 

of the spring beam Includes an Internal stress gra- s 
dient nonnal to the substrate. 

3. A fluldic conduit of claim 1 or 2, further comprising 
a resen/oir connected to the first channel, the res- 
ervolrhavlng awidth greater than a width of theflrst <o 

channel. 

4. A fluldic conduit of any preceding claim, wherein the 
spring beam further defines a second channel for 
carrying fluid along the cantilever portion of the " 
spring beam, the second channel running substan- 
tially parallel to the curvature of the spring beam. 

5. Afluidiccondult of any preceding claim, wherein the 
cantilever portion of the spring beam Includes a ta- 20 
pared tip, the first channel extending completely 
through the tapered tip, or wherein the cantilever 
portion of the spring beam includes a pointed tip 
having an apex, the first channel extending Into the 
pointed tip and ending before the apex of the point- 

ed tip. 

6. A method for forming a fluldic conduit, the method 
comprising: 

30 

forming a spring material film on a release ma- 
terial layer, wherein the spring material film has 
an Internal stress gradient In a direction normal 
to the release material layer; 
etching the spring material film to form aspring 
material Island; 

removing a first portion of the release material 
layer from beneath a cantilever portion of the 
spring material Island, thereby causing the can- 
tilever portion to assume a curvature bending 10 
away from a second portion of the release layer 
due to the Intemal stress gradient; and 
defining a first channel for carrying fluid along 
the cantilever portion of the spring beam, the 
first channel running substantially parallel to 
the curvature of the cantilever portion. 

7. A mlcroarraylng system tor simultaneously analyz- 
ing a plurality of fluid samples, the mlcroarraylng 
system comprising: so 

an analytical Integrated circuit (IC) comprising 
a plurality of testing locations aTanged In a first 
pattern; a dispensing assembly comprising a 
plurality of channel spring probes, each of the ss 
plurality of channel spring probes having a fixed 
end attached to a substrate, a first channel run- 
ning parallel to the curvature of the free end, 



and a free end having a curvature away from 
the substrate and ending in a dispensing tip for 
dispensing liquid from the first channel, the dis- 
pensing tips of the plurality of channel spring 
probes being arranged in a second pattern, the 
second pattern substantially matching the first 
pattern; 

a positioning system for placing the dispensing 
tip of each of the plurality of channel spring 
probes in contact with one of the plurality of 
testing locations on the analytical IC; and 
a computerAivori<station for controlling the posi- 
tioning system and for processing data provid- 
ed by the analytical iC. 

8. A dip pen nanolithography (DPN) system for pat- 
terning a substrate, the DPN system comprising: 

a stage for supporting and positioning the sub- 
strate; a micropen assembly comprising a first 
channel spring probe, the first channel spring 
probe having a fixed end attached to a sub- 
strate, a channel running parallel to the curva- 
ture of the free end, and a free end having a 
curvature away from the substrate and ending 
In a dispensing tip for dispensing liquid from the 
channel onto the substrate; 
a positioning system for placing the dispensing 
tip of the first channel spring probe in contact 
with the substrate and printing a desired pattern 
on the substrate; and 

a computer/workstation for controlling the posi- 
tioning system. 

9. A fluldic circuit comprising: 

a first fluidic device having a first surface; and 
a channel spring probe having a fixed portion 
attached to the first surface, a free portion hav- 
ing a curvature away from the first surface, and 
a channel for carrying a fluid along the free por- 
tion of the channel spring probe. 

10. A method for producing a microarray comprising a 
plurality of printing tips, the method comprising: 

forming a spring material film on a release ma- 
terial layer, the spring material film having an 
Internal stress gradient In a direction normal to 
the release material layer; 
etching the spring material film to form a plural- 
ity of spring material islands in an array pattern; 
removing a first portion of the release material 
layer from beneath a cantilever portion of each 
spring material island, thereby forming a plural- 
ity of spring beams, each of the plurality of 
spring beams having a curvature away from a 
second portion of the release material layer. 
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wherein each of the plurality of spring beanns 
forms one of the plurality of printing tips. 
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